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(71) We, Tetra Pak International 
AB, a Swedish corporate body of Fack S-221 
01 lund 1, Sweden, do hereby declare the in- 
vention of which we pray that a patent may be 
5 granted to us, and the method by which it is to 
be perfonned, to be particulady described in 
and by the following statement:— 

This invention relates to pi^ means for 
transmission of fluids, and is suitable, for ex- 
10 amjple, for jsupp^g a liquid, such as milk, to 
padcaging mean^ for intermittent delivery con- 
tainers. 

In connection wiUi intermittent flow of 
liquids in pipes pressure shocks caused by the 

15 sudden cheddngc^ the flow introduce a 
problem which is difficult to solve. Several 
solutions have been proposed, and they have in 
some cases given satisfactory results. However, 
within the dairy tedmology the probl^ is as 

20 yet awaiting its final solution. This, among 
other reasons, is due to the fact that the very 
stringent hygieoic requirements in connection 
with handlh}g of foodstuffs exclude the 
utilisation of pressure shock relief and flow 

25 regulating devices used in other fields. 

Any device for fiow control or pressure 
regulation in handliQg foodstuffs ^ould be of 
shnple and uncomplkated design, but robust, 
easy to clean and sterilize, and should occupy 

30 minimum space. 

It is an d)ject of the present invention to 
provide pipe means incorporating means for 
redudi^ or eliminatirig shockswhich meet the 
aforesaid requirements. 

35 In order to absorb the energy of shocks 
originating fiom the intermittent arrest of fiow 
of fiuid in a pipe there may be provided an ex- 
pansible, resilient chamber associated with the 
pipe, adjacent to and upstream of, a repeatedly- 

40 operated valve which controls the intermittent 
fiow. This is effective in suppressing shodk 
waves originating at the valve and transmitted 
along the pipe m a direction counter to the 
liquid fiow. However shock waves may also be 

45 trananitted throu^ liquid in the pipe from the 



in-fiow side and in the direction of flow of 
Squid, and if such shocks coincide with those 
originated by the valve damage may be caused- 
to the expansible chamber. 

Bearing this danger in mind the invention 5C 
consists in a hquid-cohducting pipe incorpor- 
ating a control valve adapted to be operated 
repetitively in order to allow hitermitten pass- 
age of liquid wlierein a chamber of variable 
volume is incorporated in the pipe adjacent to 55 
and upstream of said valve» and adapted by 
volume variation to reduce or eliminate the • 
shock effects in the Ihie caused by the re- 
peated interruption of liquid flow by said valve, 
means for sensing pressure variations in the 60 
pipe upstream of said chamber and means under 
control of said sensing means for maintaining 
substantially equal pressures internally and ex- 
ternally of said chamber. 

The expansible chamber may be in the form 65 
of pipe of flexible material, or an inflatable 
bladder in the pipe. Hie volume of the pq)e or 
bladder may be controlled by gaseous pressure, 
e.g. air pressure, acting counter to the pressure 
of fiuid flowing ttuough the pipe, so that a 70 
shock wave in the flowing fluid is absorbed by 
change of volimie of the chamber due to mo- 
mentary yielding of the gaseous pressure. The 
gaseous pressure may be controlled by a sensor 
of fiuid pressure m the pipe upstream of the 75 
chamber adapted to regulate passage of com- 
pressed air firom a reservoir to equalise pressures 
internally iand externally of the chamber. 

The invention will now be described in 
greater detail, by way of example, with refer- 80 
ence to the accompanying schematic drawings, 
wherein 

Figure 1 shows schematically a form of the 
invention suitable for use, for example in a pipe 
for the supply of milk to a packagmg machhie 85 
which intermittently fills pre-formed con- 
tainers with milk; 

Figure 2 shows an enlarged section through 
a part of the device shown in Figure 1, the 
figure being divided into left hand and right hand 90 
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halves showing the device in two different . 
operating positi<m^ 

Figure 3 shows a section throxigh another 
embodiment of the imit diown in Figure 2. 
5 . , In Figure 1 tiie device according to the in- 
. vention is shown as set up for use in a dairy 
^tere a main p^e 1 supplies a number of 
packaging machhies with milk. The suppfy to 
only one machine is shown. From the tnain pipe 

10 1/the milk is led by a secondary pipe 2, to an 
individual packaging machine, and as indicated 
the main p^e 1, may supply a large number of 
individual packaging madiines with milk. The 
milk is supplied to Sie main pipe &om a tank 3 

15 by a pump 4, whidi continuously pumps the 
roUk tiirougli the main pipe, and the flow 
Hirough the main pipe 1 is gzeater than the 
greatest possible total takeoff through all the 
secondary pipes 2. so that part of the milk in 

20 the main p^e 1 is returned to the tank 3, 
through a return pipe 5. Eadi secondary p^e 2 
. runs from the main pipe 1 to a packaging 
maddne (not shows) and is equipped with a 
stop valve 6» located immediately upstream of 

25 thepadcagii%machine»orintliepadcagmg 
machine. The vahre 6 is controlled by the 
packiiging madiine in such a manner that it 
c^ens and admits a pre-detennined quantity of 
nnilk from each pack. As an example it may be 

30 mentioned that in the case of a commonly used 
pac^^gii^ inachine the valve is opened every 
two seconds, and is open for 0.4 second eadi 
time. Even higher frequendes occur, and be- 
cause both the opening and the dosure of the 

35 valve must take place very rapidly, unavoidable 
pressure shocks occur in the secondary pipe on 
the counter-flow side of the vahe. In order to 
absorb these pressure shodcs, and to prevent 
their propagation along the secondary pipe back 

40 to the main pipe 1 , a device 7, referred to here- 
inafter as a compensator, is incorporated in the 
secondary pipe 2 immediately up^treani of the 
valve 6. The compensator 7 shown in F^;ure 2, 
comprises a chamber for passage of milk and a 

45 chamber for a fluid under pressure, the chambers 
being adjacent to one ano&er and separated by 
a common flexible resilient wall through which 
eadi diange of volume €f one chamber results 
m a corresponding and opposite change of 

50 volume of the other chamber. Preferred embodi- 
ment of the compensator will now be described 
in more detail wtth reference to Figures 2 and 
3. 

The chamber in the compensator 7, which is 
55 intended for pressure fluid {usually compressed 
air) is connected by way of a pressure regulator 
8, and also if desired by way of a tank 9 for 
pressure fluid, to a source 10 of fluid under 
pressure, wfaidi may be a conventional com- 
oO pressor for producing compressed air. The 
pressure regulator 8 maintains the pressure in 
the chamber for pressure fluids in the com- 
pensator (and in the tank 9, if any) at a pre- 
arranged level, depending on a signal from a 
o5 sensor or pressure transmitter 1 1, which may be 



of pneumatic or electdcal type, and is coimec- 
ted to the secondary pipe 2 upstream of the 
compensator 7, in order to gauge the pressure 
dianges whidi occur therein, e.g. when other 
padcaging madiines which are connected to the 70. 
. main pipe are being stopped and started by 
their valves 6. 

The compensator 7, shovm in Figure 2, 
comprises, as already mentioned, two chambers, 
Le. a first chamber 12, to which the secondary 75 
^pe 2 is connected, and through which the milk 
flows, and a second diamber 13 whidi is con- 
nected to the compressed-air source 10. The 
second diamber 13 is annular and is defined by 
a p^ 14 surrounding the tube 15, which 80 
demes the chamber 12 and is coaxial with the 
pipe 14 and is made of flexible resilient ma- 
terid, e.g. rubber . Each end of the pipe 14 is 
dosed by a disk 16 formed with a centre hole 
17 in which the relevant end of the rubber tube 85- 
15 is inserted. Eadi hole 17 has a cylindrical 
flange 18 and a conical chmnfered edge. The 
cylindrical flange 18 extends inwardly of the 
tiibe 14 and the diainfered conical edge of the 
hole 1 7 faces outwards. This design of the 90 
flange 18 and the hole 17 facilitates the firm 
and safe fastening of the relevant end of the 
tube 15 in the disk 16. As shown in Figure 2 
the end of the tube 15 is flared and turned back 
upon itself (e.g. around a rigid ring) so that it 95 
has a double-walled end zone located in the 
conical part of the hole 17 and extends some- 
what beyond the end face of the di^ 16. A 
union nut 19, screwed on to the disk 16, holds 
the end flange of the secondary pipe 2 against 100 
the face of tibe disk 16, thus clamping the end 
of the tube 15 in position. As the tube 15 in 
this maimer is connected in series with the 
secondary pipe 2 it constitutes a flexible re- 
silient section of the secondary pipe, through 105 
which the milk flows freely. The tube 1 5 is 
made of a particularly flexible t3me of rubber, 
and inay be expanded substantially vwthout 
bursting if the pressure increases inside the pipe. 
In order to prevent too much expansion of the 1 10 
tube a mechanical limiting guard 20 is installed 
around the tube 15, ie. located in the aimular 
second chamber 13 and retained between the 
protruding flanges 18 of the two disks 16. The 
guard 20 shown is a spool-shaped metal cylin- 1 15 
der, the wall of which is provided with a large 
number of holes so that air may flow freely 
into and out of the guard. The compensator 7 
is coimected by an opening to a pipe 21, by 
which the second chamber 13 is connected to 120 
the pressure fluid source 10 through the press- 
ure regulator 8 (Figure 1). 

During operation, as already mentioned, a 
constant flow of milk is pumped throuj^ the 
main pipe 1 , and as packaging proceeds at the 125 
various packaging machines the relevant valve 6 
opens for a brief momeiit to let throu^ the 
desired quantity of milk. The pressure in the 
secondary pipe 2 may thus rise and fall 
suddenly. If only a single packaging machine is 130 
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operating, or if only a single packaging machine 
is connected to the system, 4i& pressure shocks 
which occur when the valve 6 is dosed are in 
&e main of the same magnitude eadi time. By 
5 means ofthe compensator 7, connected in 
series with the secondary pipe 2 immediately 
upstream of the valve 6, the pressure shodcs are 
largely absorbed because each sudden pressure 
rise in the secondary pipe 2 results in a corres* 

10 ponding volume increase in the flexible rubber 
tube 15, which expands against the counter 
effect of the air pressure inside the second 
chamber 13. By adjustiiig the valve of this air 
pressure to the anticipated extent of the press- 

15 ure shodcs in the secondary p^e, the pressure 
shocks can be substantially equalised. From the 
tank 9, connected by the pipe 21 to the second 
chamber 13, the volimie of air available is 
several times larger than the volume of the 

20 chamber 12, so that the changes of volume of 
the chamber 13, caused by. the movement of 
the flexible rubber tube constitute only a 
fraction of the total volume of the chamber 13 
and the tank 9, for yMch reason the pressure in 

25 the chamber 13 (and the tank 9), remain sub- 
stantially constant regardless of ^e momentary 
increase in volimie of the chamber 12. 

Normally a number of packaging machines 
are connected to the same main pipe 1, and as 

30 they inay be started and stopped regardless of 
one another the pressure in the pipe may vary 
substantially and at random. In odier words, it 
is impossible to predetermine the liquid pressure 
whi^ will prevsdl in the secondary pipe 2 at 

35 the moment any one valve 6 (e^. the valve 6 
shown in Figure 2) dosed. If the air pressure in 

second diamber 13 is not adjusted to a 
corresponding degree, the resistance to the ex- 
pansion of the tube 15 due to the pressure 

40 shocks is liable, consequently, sometimes to be 
too great and sometimes too small, and may 
damage the tube 15. In order to meet this 
danger, the pressure in the second diamber 13 
is adjusted by ^e pressure regulator 8, which 

45 regulates the air flow from the pressure source 
10 in accordance with a signal from the sensor 
or pressure transmitter 1 1 , whidi gauges the 
pressure in the secondary pipe 2 upstream of 
the compensator 7. An increase of the pressure, 

50 (e.g. due to the start of another packaging 
midline), causes the pressure regulator to in- 
crease the pressure in the second chamber 13 to 
a oorre^onding degree, so that the force 
countering expansion of the tube 15 is adjusted 

55 to conform with the pressure in the pipe 2 up- 
stieam of the compensator. On the other hand, 
the pressure transmitter does not react to the 
smau and rapid variations in pressure ^nidch 
may occur in the secondary pipe due to the 

60 operation of the valve 6 of the machine which 
it feeds because these variations are substan- 
tially completely equalised by the compensator 
7 in the same line. In order to ensure correct 
gauging, the pressure transmitter 1 1 may either 

65 be located at a relatively great distance up- 



stream of the compensator 7, or be acQusted so 
that it onfy reacts to substantial pressure 
variations. 

Hie compensator may be of various forms 
while retaiiiiag the principle of two chambers 70 
separated by a common moveable walL 
Another such embodiment of the compensator 
is shown in Figure 3. Ihis compensator 22 com« 
prises a first chamber 23 v^^iich as before con- 
stitutes a chaimel for fluid flow through the 75 
compensates, connected in series with the seo 
ondary p^e 2. Each end of the first chamber 23 
has a diameter corresponding to the diameter 
of the secondary pipe 2 while the intermediate 
length of the first diamber 23 is of substan- go 
tially greater diameter. The transitibn between 
the two different diameters is gradual, and the 
chamber 23 may conveniently be ^ol-shape, 
for smooth liquid flow. 

A second diamber 24 is located centrally in 
the first chamber 23, and is shaped as a length 
of tube or a rubber bidder 25 dosed at one 
end and coimected by the opposite end to a 
pipe 26, which extends out throu^ the wall of 
the compensator 22 and is connected to a 90 
source of compressed-air to be supplied to the 
inside ofthe second chamber 24. The spool- 
s^ped rubber bladder 25 is made of the same 
highly flexible resilient material as the tube 15 . 
in the previously described embodiment of the 95 
compensator, and eadi change of volume in 
orie chmnber results in a corresponding and 
opposite change of volume of the second 
chamber. The inner wall of the first chamber 
23 serves to limit the expansion of the rubber lOl 
bladder. 

The compensator 22 functions in the same 
manner as previously described with reference 
to compensator 7. However, due to its design it 
requires less space and may, therefore, be used 10: 
to advantage where space is limited. On the 
other hand, it is a disadvantage that it is some- 
what more difficult to dean. However, this 
disadvantage may to some extent be compen- 
sated for by cleaning with a througji-flowing 1 1 ( 
cleaning agent, while alternately inflating and 
deflating. 

Both embodiments of the device according 
to the invention are however simple to dean 
and sterilise at the same time as die pipe for 1 1: 
fluid supply to the packaging machine, because 
the cleaning and sterilistng agent can flow quite 
simply through the compensator. Both the 
actual compensator and the entire device for 
regvdating the liquid flow are of simple and un- 12( 
complicated des^ which ensures good opera- 
ting reliability and has been found to work in a 
particularly effective manner. 
WHATWE CLAIM IS:- 

1. A liquid-conducting pipe incorporating a I2f 
control valve adapted to be operated repetitively 
in order to allow intermittent passage of liquid 
wherein a chamber of variable volume is incor- 
porated in the pipe adjacent to and upstream 
of said valve, and adapted by volume variation 13( 
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to reduce or eHminate the shock effects in the 
line caused by the repeated interruption of 
liquid flow by said vahre, means for sensing 
pressure variations in the p^ upstream of said 
diamber and means under control of said 
sensing means for maintaining substantially 
equal pressures internally and'extemaOy of said 
chamber, 

2. A pipe as claimed in daim 1 wherein said 
chamber is formed with a wall of yieldable, 
resilient material. 

3. A pipe as claimed in claim 1 or 2 wherein 
said diamber is in the form of expansible re- 
sQient tube fitted as part of the feed line to 
said valve. 

4. A pipe as daimed in claim 1 or 2 wherein 
said chamber is in the form of an inflatable re- 
silient oidosure mounted inside a rigid p^e 
throiigh whidi liquid passes to said v^ve. 

5. A pipe as claimed in daim 3 or 4 com- 
prising means adapted to limit expansion of . 
said diamber if excessive pressure difference 
should arise on opposite sides of the resilient . 
wall thereof, 

6. A pipe as claimed in claim 5 when ap- 
pendant to claim 3 wherein said limiting means 
comprise a rigid cage-like endosure sunoimding 
the expansible resilient tube forming the 
chamber. 

7. A pipe as claimed in claim 5 when ap- 
pendant to daim 4 wherein said inflatable en- 
dosure is located inside a rigid surroimd of 
enlarged diameter through which the liquid 
flows, and which serves as a guard to liinit ex- 
pansion of said endosure under inflation. 

8. A pipe as daimed in daim 2, or in any of 



daims 4 to 7 when appendant to daim 3.where- 
in said I^igth of expansiblB tube, and its ex- 
pansion guard, if provided, are surrounded by a 
rigid gastj^t casing. 40 

9. A pqie as cl^ed in daim 7 or 8 com- 
prising means for suppfying fluid under press- 
ure to the endosure-^surrbunding, or to the in- 
terior, of said diamber, in order to equalise the 
liquid pressure applied to the otter face of die 45. 
d]LamberwalL 

10. A pipe as claimed in claim 9 comprising 
an endosure of substantial capacity holding a 
gas under pressure, and regulator means for 
controlling release of said gas under pressure to 50 
equalise internal and extonal pressures on said 
diamber wall. 

11. A pipe system comprising a plurality of 
pipes as claimed in any preceding daim con- 
nected as brandi pipes to a common wiain 55 
liquid supply line. 

12. A pipe system as claimed in claim 11 
wherein said branch pq>es are separaitely con- 
nected, as supply hnes, to individual liquid 
padca^ng madihies. 60 

13. A pipe installation with shock-wave 
suppressh^ means, substantiany as. described 
herein with reference to tiie accompanying 
drawings. 

65 

W. H. BECK, GREENER & CO., 
Chartered Patent Agents, 
7, Stone Buildto^, 
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London WC2. jq 
Agents for the Applicants. 
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